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 Yarrowia lipolytica is one of the most extensively studied 
‘‘non-conventional’’ yeast species, highlighted by their 
participation in bioremediation processes and production of 
lipases, γ-decalactone and citric acid. The use of immobilized 
cells presents several advantages over free cells in 
bioprocesses. In this work, Y. lipolytica entrapment in calcium 
alginate was applied for citric acid production from glycerol. 
The influence of sodium alginate and calcium chloride 
concentrations on the immobilization efficiency was 
investigated, being selected 4 % of sodium alginate and 0.5 M 
of calcium chloride, the best conditions. Afterwards, citric acid 
production was assessed at several spheres diameter and cells 
concentration, but no significant differences of final citric acid 
concentration were observed. 
 
 
 
 
Introduction 
 
Yarrowia lipolytica is a eukaryotic 
microorganism, belonging to the Fungi kingdom. 
It is an obligate aerobic microorganism and one of 
the most extensively studied ‘‘non-conventional’’ 
yeast species. The ability of Y. lipolytica to grow 
under several environments (sewage, oil polluted 
media, marine and hypersaline environments and 
food) suggests the versatile metabolism of this 
yeast. This yeast is capable to use hydrophobic 
substrates such as n-alkanes, fatty acid methyl 
esters and triglycerides; and non-hydrophobic 
compounds like sugars, alcohols and organic 
acids. Beyond this feature, which made of Y. 
lipolytica a microorganism with biotechnological 
interest for bioremediation processes, this yeast is 
known as great producer of lipases [1], γ-
decalactone [2], citric acid [3] and microbial lipids 
[4]. 
Citric acid, an organic acid intermediate of 
tricarboxylic acid cycle (TCA), is an acidulent 
flavouring agent and antioxidant, extensively used 
in food and beverage industry. The advantages on 
the use Y. lipolytica to biosynthesize citric acid, 
comparing with Aspergillus niger, include the 
several substrates that could be used as carbon 
source and the higher product yields. 
On traditional submerged fermentations, the use 
of free cells suspended in the medium influences 
the process yield, due to nutritional limitations, 
potential toxicity of reactants and products and 
difficulties in the recovery of final products. Thus, 
the use of immobilized cells constitutes a 
technology that has been explored, in order to 
solve those constraints. In nature, cells can be 
found immobilized as biofilms, microbial flocs 
and mycellial pellets. Artificially, the cells 
immobilization methods are based on surface 
attachment, entrapment within porous matrices, 
containment behind a barrier and self-aggregation. 
Immobilization of Y. lipolytica whole cells is 
possible, being described in the literature the use 
of agar-alginate composite beads for crude oil 
degradation [5]; methyl polymethacrylate and 
DupUM® for γ-decalactone production [6]; 
calcium alginate for oil wastewater degradation 
[7]; oil-absorbent polyurethane for the removal of 
oil films on surface waters [8]; among others. 
The central aim of this work is the production of 
citric acid using whole cells of Y. lipolytica 
entrapped into calcium alginate. Thus, strategies 
were delineated in order to select the best 
conditions for immobilization and production of 
citric acid. 
 
Materials and methods 
 
The strain used in this work was Y. lipolytica 
W29 (ATCC 20460), it was maintained on yeast-
peptone-dextrose-agar medium (YPDA) at 4oC. 
Yeast cells were pre-grown in YPD medium (1 
% yeast extract, 2 % peptone and 2 % glucose) at 
27 °C and 170 rpm. A cell culture was used to 
prepare the cellular suspensions with 0.5 g·L-1, 1.5 
g·L-1, 3 g·L-1 and 4.5 g·L-1, for experiments with 
free cells. For the immobilization experiments, it 
was used a cell culture of around 5 g·L-1 of 
cellular mass concentration (24 h of growth) to 
prepare the cellular suspension. The cells were 
separated from the medium by centrifugation and 
washed in NaCl (0.9 %). The cells for free 
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experiments were resuspended in the medium, 
while the cells for immobilization experiments 
were resuspended in NaCl (0.9 %). 
Calcium alginate spheres were prepared as 
described in the literature [9] and as shown in the 
Graphical Illustration, in order to obtain a ratio 
between dry cell mass per unit mass of spheres and 
cells of 0.005±0.001.  
In order to evaluate the effect of sodium alginate 
percentage and calcium chloride molarity in 
immobilization efficiency, spheres of around 3 
mm of diameter were prepared with sodium 
alginate of 2 %, 3 % and 4 % and with calcium 
chloride molarity of 0.05 M, 0.1 M and 0.5 M. 
Afterwards, the spheres diameter was varied from 
around 2 to 4 mm. The ratios 0.005 
gcells/gcells+support (~ 1.5 g·L-1 of cells in the 
medium), 0.010 gcells/gcells+support (~ 3 g·L-1 of cells 
in the medium) and 0.016 gcells/gcells+support (~ 4.5 
g·L-1 of cells in the medium) were used in order to 
identify the best condition for citric acid 
biosynthesis. 
Citric acid production was carried out into 500 
mL baffled Erlenmeyer flask with 200 mL of 
medium (glycerol (40 g·L-1), yeast extract (0.5 
g·L-1), KH2PO4 (6 g·L-1), Na2HPO4 (0.5 g·L-1), 
MgSO4.7H20 (1.5 g·L-1), CaCl2 (0.15 g·L-1), 
ZnSO4.7H20 (0.02 g·L-1), FeCl3.6H20 (0.15 g·L-1) 
and MnSO4.H20 (0.06 g·L-1)) and maintained at 27 
ºC, 170 rpm during 168 h. Periodically, analyses 
were made in order to monitor the pH, 
concentration of cells, glycerol consumption and 
citric acid production. 
 
Results and discussion 
 
The range of initial cells concentration used at 
experiments with free cells resulted on profile of 
citric acid concentrations presented in Figure 1. 
The increase of the initial cells concentration from 
0.5 g·L-1 to 1.5 g·L-1 result in a best concentration 
of citric acid obtained (from 2.25 g·L-1 to 3.09 g·L-
1). However, when this increase reaches to 3 g·L-1 
or 4.5 g·L-1 of cells, around 104 h and 80 h after 
the fermentation, respectively, occurs a decrease in 
citric acid concentration. This reduction can be 
due to the consumption of citric acid, since the 
decrease starts after the depletion of glycerol. 
Thus, initial cells concentration that results in the 
better production of citric acid, within the range of 
tested concentrations, was 1.5 g·L-1, which was 
selected to use in further experiments with 
immobilized cells. 
 
 
In cells immobilization, within the different 
percentage of sodium alginate and molarity of 
calcium chloride tested, the best retention of yeast 
cells in the spheres was obtained with 4 % of 
sodium alginate and 0.5 M chloride calcium. This 
result is supported by literature [10], which 
revealed that an increase in the concentration of 
sodium alginate and calcium chloride decrease the 
immobilized leakage.  
Spheres in the above conditions were made with 
different diameters and its increase slightly 
reduced citric acid production (Table 1), but global 
productivity was unchanged (0.03 g·L-1·h-1). Thus, 
the spheres diameter did not influence the citric 
acid final concentration and 3 mm was selected. 
 
Table 1. The higher concentrations of citric acid 
obtained for the range of spheres diameter tested. 
Spheres diameter (mm) Citric acid (g·L-1) 
2.7 ± 0.2 5.54 
3.4 ± 0.1 5.09 
4.2 ± 0.1 4.97 
 
Similar values of citric acid concentrations and 
equal global productivity (0.03 g·L-1·h-1) were 
obtained independently of cell concentration in the 
gel matrix (Table 2). Contrary to free cells, no 
consumption of citric acid was observed, and 
higher final citric acid concentration values were 
reached. 
 
 
Figure 1. Citric acid concentrations obtained over 
168 h using 0.5 g·L-1 (♦), 1.5 g·L-1 (▲), 3 g·L-1 (●) 
and 4.5 g·L-1 (■) of initial concentration of free cells 
in the medium. 
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Table 2. The higher concentrations of citric acid 
obtained for the range of initial cells concentration 
immobilized into spheres. 
gcells/gcells+support Citric acid (g·L-1) 
0.005 5,11 
0.010 4,84 
0.016 4,99 
 
Conclusions 
 
The work herein presented showed that for Y. 
lipolytica cells a strong gel matrix is needed to 
prevent cell leakage and to enable an efficient cell 
entrapment. For the strain W29 a 4% sodium 
alginate and 0.5 M calcium chloride was selected.  
A final citric acid concentration of around 5 g·L-1 
was possible to obtain with cells immobilized in 
spheres of around 3 mm of diameter and with a 
cells load of around 0.010 ± 0.005 dry cell mass 
per unit mass of spheres and cells. It was proven 
the advantage of using immobilized cells against 
free cells, since the citric acid consumption was 
prevent, and higher values of concentration were 
obtained.  
Thus, this immobilization method presents great 
potential for citric acid continuous production by 
the Y. lipolytica from glycerol. 
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